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Abstract—Cooperative Problem-Based Learning (CPBL) is a highly Stu-
dent-Centred Learning (SCL) method for students to develop self-directed 
learning skills. Previous studies show that CPBL succeeded in instilling envi-
ronmental awareness, deep learning in Science, Technology and Mathematics 
(STEM) and 21st century skills among students. In this study, digital technolo-
gies were utilised to form learning communities during the planning and im-
plementation of CPBL: Low Carbon Society program in two secondary schools 
in the Iskandar Region in Malaysia. CPBL requires the students and the facilita-
tors to be proactive and sensible in seeking knowledge and information needed 
to solve the problem. Google search engine were predominantly used by the 
CPBL students to search for information, while WhatsApp and Telegram were 
primarily used to communicate and form learning support communities during 
the CPBL learning process. CPBL provides early exposure for the students to 
use software programs in planning and delivering their findings. Students’ re-
flective journals and observation reports were collected and analysed to identify 
low carbon awareness developed through CPBL. It is found that students’ active 
involvement in understanding the issues and the external motivation and pres-
sure given enabled them to embrace the concept and awareness. The findings of 
this study indicate that technology assists and provides much needed support in 
the learning environment to develop low carbon awareness among the students. 
Keywords—Cooperative problem-based learning, technology-enhanced learn-
ing, digital platform, low carbon, environmental issues.  
1 Introduction 
1.1 Low carbon society 
Iskandar Malaysia, a southern development region in Malaysia overseen by the Is-
kandar Regional Development Authority (IRDA), targets to reduce 18.9 MtCO2 by 
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year 2025 in the Low Carbon Society Blueprint for Iskandar Malaysia 2025 [1]. 
Twelve actions were listed and Low Carbon Lifestyle, Action 6 of the blueprint, is the 
third largest contributor towards the carbon emission reduction in Iskandar Malaysia. 
It contributes about 2,727 ktCO2 equivalent or 20% from the total carbon emission 
reduction. Awareness through Education, the first sub action in Action 6, plays a 
crucial part to ensure the carbon emission reduction is achieved. Raising awareness 
through formal education will increase students’ knowledge and consciousness about 
the environment. Thus, to achieve the carbon reduction as stated in the blueprint, a 
focussed and directed effort to introduce Low Carbon Society is essential [2]. Accord-
ing to Ramli [3], the significant growth in energy sector has led to the increase in 
carbon emissions at an alarming rate. This caused serious impact to the global well-
being and specifically environment. Hence, good mitigation strategies are highly 
prerequisite to tackle the carbon emission issues. 
1.2 Behaviour change through effective teaching approach 
Fielder and Deegan [4] showed that knowledge is essential for successful actions in 
facilitating behaviour change. Kaiser and Fuhrer [5] also found that knowledge is an 
important predictor of environmental behaviour. Phang et al [6] reported that educa-
tion is the primary agent of transformation towards sustainable development, fosters 
the values, behaviour and lifestyle required for sustainable future. Noordin [7] in his 
studies also highlighted the environmental awareness concept on sustainable devel-
opment can only be achieved through education. Thus, incorporating environmental 
and sustainable issues into the early stage of education plays a key role in facilitating 
and fostering environmentally responsible behaviour and provides a strong foundation 
for more sustainable societies [8].  
Studies by Abdul-Aziz, A., et al [9] and Yusof et al [10] stressed the importance of 
effective teaching approach with appropriate learning environment. It highlighted that 
educator should be more selective and precise in adapting effective teaching and 
learning approach. The selection of teaching and learning approach will instil sustain-
ability lifestyles on students’ knowledge and behavioural changes [11]. By adapting 
the effective teaching approach and learning environment of Cooperative Problem 
Based Learning, CPBL, the studies showed the 1st year undergraduate engineering 
students’ knowledge and behavioural change. The students level of knowledge is 
successfully increased from low to high after they underwent the three stages in of 
CPBL [9]. Although student’s perception towards CPBL was negative in the early 
stage due to the drastic change in the learning approach from being spoon-fed to a 
highly constructivist environment [12], the majority of students believe that CPBL 
favoured the acquisition of the fundamental knowledge about sustainability and expe-
rience with implementing and practicing sustainability at the end of the semester. 
With the enhanced learning environment apply through CPBL, students were also 
observed to be motivated and engaged in learning [13]. 
Formal education for undergraduate students [9,10] and informal education among 
primary school students [14,15] in introducing low carbon awareness has shown posi-
tive results. This study is about efforts to it instil environmental sustainability aware-
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ness on the secondary school level in formal education. In this paper, Technology 
Enhanced Learning, TEL, is used to support the implementation of Cooperative Prob-
lem-based Learning (CPBL) by instilling the concept of low carbon society among 
secondary school students. The students’ reflective journals and observation report 
will be analysed throughout the studies to see the effects of technology enhanced 
learning in terms of knowledge and environmental awareness.  
1.3 Cooperative problem based learning 
Parallel to the needs to introduce environmental awareness into formal education in 
schools, the challenges of the 21st century have driven educators to develop students 
with sustainable development mind-set and professional skills. Hence, the environ-
mental issues need to be integrated with an inductive learning approach.  
Problem Based Learning (PBL) is known for its realistic learning approach-will 
create deep interest among students to learn new knowledge and integrate existing 
ones. PBL encourages students to think critically and creatively in solving problems 
[16]. Studies conducted by Abdul Aziz et al [9] showed that Cooperative Problem 
Based Learning, CPBL phases and scaffolding strategy will lead the students to be-
come an independent to self-regulating and explore their own knowledge as the prob-
lem solver. CPBL guide them to have a deep understanding on the environment, so-
cial and economic aspect. The findings show that through experience of learning ac-
tivities and innovative good practice in delivering education about sustainable devel-
opment, CPBL significantly developed students’ knowledge, and behavioural changes 
towards instilling the awareness of sustainable development.  
The study by Yusof [10] highlighted that the students’ pro-environmental behav-
iour change on social development is enhanced after undergoes CPBL. Hence, CPBL 
is effective in enhancing students’ behaviour in all aspects of social development 
construct. CPBL shows positive self development, outcomes in enhancing students’ 
behaviour to conserve natural resources, prevent wastage of water and effort to recy-
cle. Mohd-Yusof, et al. [10, 11, 16,17] and Phang, et al [18] demonstrated that CPBL 
also helps to develop both secondary school and undergraduate students in terms of 
knowledge, awareness, thinking skills and attitude, especially towards learning STEM 
(Science, Technology, Engineering and Mathematics). The CPBL model [12, 19, 20] 
were developed by integrating the Cooperative Learning (CL) into Problem Based 
Learning (PBL) cycle using constructive alignment based on constructivism. The five 
principles of CL (positive interdependence, individual accountability, face to face 
interaction, appropriate personal skills and regular group function assessment) are 
emphasized and promoted throughout the CPBL cycle. CL principles drive the learn-
ers into functional learning teams which is vital in ensuring effective and supportive 
learning environment. 
From the CPBL Framework [10,19] there are three stages of PBL which are, Phase 
1: problem restatement, problem identification. Phase 2: peer teaching, synthesis of 
information, and solution formulation, and Phase 3: generalization, closure and reflec-
tion. For each cycle, the learners provide problem restatement and problem identifica-
tion, in which they learn to identify the problem and find the learning issues [20,21]. 
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The individual activities are designed to enhance accountability, followed by team-
based activities and finally overall class activities to form learning community. Stu-
dents undergo CPBL with the help of facilitators to guide them in the learning pro-
cess. In CPBL, facilitators play a crucial role in designing a learning environment that 
is appropriate to the learners’ prior knowledge for them to go through a meaningful 
learning experience.  
It is vital for the facilitators to avoid spoon-feeding or delivering knowledge direct-
ly to the learners to ensure that they undergo the process of acquiring knowledge to 
develop self-directed learning skills. Through CPBL both learners and facilitators will 
undergo a paradigm shift from teacher-centered to student-centered learning approach 
[18, 22]. CPBL implementation will transform the learning maturity [21] by stimulat-
ing better level of self-awareness, promotes student engagement in pro-environmental 
behaviour, gives opportunities for deeper reflection of their roles, responsibilities 
[23]. Hence, this paper studies the awareness acquired by the secondary school’s 
students on low carbon through CPBL. Concurrently, the process of acquiring 
knowledge and developing the Low Carbon awareness will be studied. Students were 
given problems related to Low Carbon Society (LCS) and the learning was conducted 
using CPBL for 8 months.  
1.4 Technology enhanced- learning, TEL 
Advances in the digital technology have a tremendous impact on teaching peda-
gogies in higher education and students learning. The recent changes in education call 
for the integration of technology in higher education to be more effective and fast. 
Technology-enhanced learning, TEL is the delivery of education with the use of in-
formation and communication (digital) technology [24]. According to Mahdi [25], the 
technology should be incorporated with active learning approaches, such as problem-
based learning and collaborative learning as supplementary tools to promote learning 
outcomes. This would also support effective time management while conducting TEL. 
As the world is heading towards the 4th Industrial Revolution, students should be 
exposed to the technology as early as possible. By having TEL, it allows students to 
learn on wide range of resource materials and learning tools with flexibility. The stud-
ies conducted by Chen [26] on grade 4 students from Singapore Primary School 
showed TEL become meaningful cognitive tool to engage the students in reflecting 
about the environment during the data collection process on 3R (reduce, Reuse, Recy-
cle). The technology facilitated and enhanced learning environment on the environ-
mental education. Students successfully acquired and possessed the environmental 
knowledge and awareness throughout the conversations and social discourse. Apart 
from the technology, Chen [26] emphasized on the significant role of curriculum and 
pedagogy design in the learning environment. Hence, an effective learning environ-
ment does not merely rely on technology but it is also subjected on the design of the 
embedded technologies in the pedagogy to serve the objective of learning. 
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2 CPBL Implementation with TEL 
By comprising CPBL with Technology Enhanced Learning, ultimately the learning 
process is no longer restricted by time and place or limited between teachers and stu-
dents. At the same time, it is equally essential to have quality deliveries to ensure the 
effective learning ecosystem for the student and teacher is established.  
The framework of How People Learn (HPL) [27] was employed as a basis to en-
sure the effective learning environment (Figure 1) [28]. The HPL framework defines 
an effective learning environment based on four criteria: knowledge centred, learner 
centred, assessment centred and community centred. In all the criteria, technology can 
be used to support the attainment of effective learning environment. For example, the 
community, which encompass all the criteria in the HPL framework [29], the learning 
process is designed to support the formation of supportive community for learning 
ecosystem at all times which involves students, teachers, the stakeholders and parents.  
 
Fig. 1. The Framework for How People Learn (HPL) [27]. 
Technology can also help attain the assessment centred aspect through feedback 
both from peers and facilitators. In the learner and knowledge centred aspect, using 
various technology for learning with today’s digital natives are like putting fish into 
water, enabling them to harness technology to understand the bigger picture in a set-
ting that they happily embrace.  
By upholding the essence of HPL where the community is the driver in creating 
and sustaining the effective learning environment, hence Centre for Engineering Edu-
cation, CEE UTM and Jabatan Pendidikan Negeri Johor collaborate to provide train-
ing for the teachers, because it is equally important for teachers to pursue professional 
development (training) for their educational improvement [30]. Professional devel-
opment is the link between the design and implementation of education reforms and 
the ultimate success of reform efforts in schools [31]. The selected teachers who will 
conduct CPBL underwent special training for a total 8 days to equip them with the 
knowledge needed to practice and execute CPBL. The training was given to the 
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teacher before, during and after implementing CPBL. This is to ensure the teachers 
were given the much needed support throughout the period.  
During the training, the digital platform of Telegram was fully utilized by the 
trainers and the teachers to share ideas, discussion and exchange information in con-
ducting the CPBL, forming a close-knit learning community (Figure 2). Lesson plan, 
designated problems, student’s responses and the activities in CPBL were among the 
topics discussed by the facilitators in the digital platform throughout the year. Tele-
gram was being used to interact between the experts of CPBL from Universiti 
Teknologi Malaysia and the state education authority to circulate official letters, news 
and events that support the learning environment for the CPBL facilitators and stu-
dents. 
 
Fig. 2. Digital platform of Telegram was used for facilitators to share, disseminate information 
and communicate among PBL communities. 
Figure 3 showed the three stages of CPBL conducted in the selected schools. In the 
first stage, the students performed problem restatement and problem identification for 
them to analyse the problem and relate it to their prior knowledge, identify the infor-
mation needed and learning issues. In this stage, the student discusses current envi-
ronmental issues, analyse information, benchmark efforts in Malaysia and compared 
to other nations around the world on LCS. Stage 2 required the students to be proac-
tive and attain deep learning, as well as to integrate the learning issues with the cur-
rent situation. In stage 3, the students have to communicate and justify the solution 
given by using oral or written form. The students shall be able to analyse variations in 
solution and conclude their best approach to tackle the problem.  
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Fig. 3. The three stages of CPBL implemented in the selected schools  
Throughout the CPBL, the students were guided to integrate all the learning issues 
in LCS with TEL (Figure 4), yet the students were advised and given the liberty to 
think in a critical and analytical manner. After each stage of CPBL, the students were 
asked to make learning reflection by writing reflective journals. The students ex-
pressed their journey in learning in the form of writing. However, neither restriction 
nor objective subjects to be reflected by the individual. At the end of the stage, the 
students’ reflective journals were collected to be analysed. 
  
  
Fig. 4. Technology enhanced the learning process for the teachers and students. 
Stage 1
• Discuss, analyse 
information, 
benchmark on LCS.
Stage 2
• Data collection of the 
students related to 
LCS issues
Stage 3
• Propose possible 
solution to the 
problem
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3 Data Collection Method 
A qualitative study was carried out to determine that CPBL conducted with LCS 
theme will provides exposure and develop awareness among the students on numer-
ous environmental issues. The study was carried out from March to October 2017 in 2 
schools in Johor. A total of 82 Form 2 students at the age of 14 years old were in-
volved in this study. They were divided into groups of three to four students. One 
class for each school underwent CPBL to learn LCS with four to six teachers as the 
facilitators. All CPBL facilitators have undergone training to prepare them for the 
CPBL and LCS. Each session takes about one to two hours after school, at least twice 
a month. 3 stages of CPBL were implemented as a part of the transition process to 
shift both the teachers and students’ learning paradigm [18,22] from teacher-centred 
to student-centred. For every stage of CPBL, the facilitators gave the designated prob-
lems on low carbon issues. Each designated problem was carefully crafted by the 
facilitators with guidance from the CPBL experts to ensure the designated problem 
have meaningful impact on the process of learning.  
During the implementation, the teachers created a WhatsApp group for the students 
of CPBL class. This is to ensure the learning process did not only take place in the 
class but will continue even after the class. The facilitators also initiated WhatsApp 
group with the parents, to inform them on the special learning environment of CPBL 
for the students. The CPBL students also created their own WhatsApp groups to 
communicate among their team members on the tasks, presentations and solutions.  
Throughout the CPBL, search engine was used by the students (Figure 2) to find 
the environmental issues, benchmarking of the best practices in LCS issues and oth-
ers. Telegram and WhatsApp were highly used as communication medium to plan and 
discuss on the problems, issues emerged during the CPBL class and so on. The CPBL 
class setting were also conducted in a computer Lab. The CPBL students makes full 
use of the facilities to find and search for information on the learning issues via search 
engine.  
  
Fig. 5. Digital platform was used by the CPBL students to search for information, study the 
learning issues and perform data analysis. 
The reflective journals from the learners were collected by the facilitators at the 
end of CPBL stage. The reflective journals were analyse using thematic analysis tech-
iJET ‒ Vol. 14, No. 24, 2019 159
Paper—Instilling Low Carbon Awareness through Technology-Enhanced Cooperative Problem Based...  
nique [32]. Table 1 shows the four phases in analysing the reflective journals. The 
reflective journals consist of numerous reflections from various subjects, however, 
this study will focus on data related to LCS. 
Table 1.  Phases in thematic analysis for the reflective journals analysis 
 
4 Results and Discussion 
From the thematic analysis, most of the students realized that they learned about 
LCS through CPBL via the usage of technology as quoted presented in Table 2.  
Table 2.  Example of quotations from students’ reflective journals on learning LCS 
Students Quotations 
Student N When I started PBL, I get to know how and what we need to know to save our earth from global warming’ 
Student O Computer were used to learn and find the creative solutions of the problems. We learned to used PowerPoint to do our presentation. 
Student P We find many things from the internet to know about our solution 
Student F Through PBL, I learned the earth was threatened by the irresponsible humans. PBL 
Phase 4: Produce the report
A report was produced at the end of analysis.
Phase 3: Search, review and define the sub-theme
After identifying potential sub-themes from the codes, the sub-themes were reviewed again 
throughout the data. Themes were generated from the sub-themes
Phase 2: Generate initial codes
Based on the purpose of this research, the initial codes were generated
Phase 1: Familiarize with the data
All the reflective journals were collected, read and focussed on LCS
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also taught me how to solve problems, not only in environmental , but daily problems 
as well 
Student I 
From the first day of PBL, I have learned a lots of things related to the Earth such as 
ways to reduce carbon dioxide. Before the first PBL class, I have never care about 
things related to our Earth 
Student Q I have benefited from PBL. I can start practice low carbon lifestyle and segregate the waste accordingly 
Student R I learned how to do a PowerPoint by highlight the important points 
Student S I am happy to learn draw bar graph, pie chart using computer 
Student T 
New skills I have gained is to use Microsoft PowerPoint. Previously, I do not know 
well on the usage of computer. However, through PBL class, I have learned from the 
expert and now I can use computer extensively. In the future, I want to learn more 
about the computer.  
 
Most of the students emphasized that CPBL has led them to know about environ-
mental issues and low carbon. Besides that, the process of CPBL lead the students to 
use digital platforms consistently in learning environmental issues and completing all 
three stage of CPBL. Both schools implemented the technology-enhanced learning in 
executing CPBL. The findings via thematic analysis also lead to three major sub-
themes which are LCS knowledge, awareness and hopes. The sample quotes from 
different students are in Table 4. From the data, there are students who are able to 
fully describe the causes, the concepts about low carbon and global warming. They 
also think that it is essential for them to apply what they have learned in the class 
especially awareness on low carbon. The finding is consistent with the findings of 
Mohd-Yusof et al [9,16,17] that by using effective problems related to sustainability 
issues in CPBL as an instructional approach, it certainly can promote student’s en-
gagement in pro-environmental behaviour change.  
Table 3.  Sub-themes and examples of quotation from the Reflective Journals 
Sub-Theme Students Reflection from the Reflective Journals 
Knowledge 
Student A I learned that the high usage of inefficient appliances gave negative 
impact to the earth and environment. It can cause green house effects. 
This happens due to the light from the sun is reflected due to the atmos-
phere layer have been filled up with carbon monoxide, sulphur dioxide, 
methane and so many more, that leads to global warming  
Student B I have learned about Low Carbon, Iskandar Malaysia, carbon footprint, 
sustainable development, low carbon society, source and effect electrical 
energy pollution, global warming and effect of wasting water.  
Student C Gain knowledge about Low Carbon and how to reduce the emission of 
carbon. I also learned methods from several countries in carbon reduc-
tion. From PBL, I learned that the usage of electrical appliances lead to 
the emission of carbon, thus I have to reduce the usage of electrical 
appliances  
Student D I study about the community; water usage, electrical usage and garbage 
isolation according to the categories. With the data that I have gained, I 
want to be an individual whom concern and take good care of the envi-
ronment and the earth.  
Awareness 
Student E I should always remind myself as well as my friend to save electricity 
and be wary of using electricity. If wastage is still happening, i should 
remind teachers to advice other students to reduce the wastage of electric-
ity  
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Student F PBL makes me realize the importance of taking a good care of this earth 
instead of destroying it. I will change to become a considerate human 
towards our environment  
Student G I will preach bout the importance of having low carbon lifestyle, such as 
car pool with peers  
Student H I will start doing recycling, stop throwing rubbish on the floor and search 
for the ways to reduce the greenhouse gases. I will make sure that we can 
built LCS in our country because LCS is the first step that we need to 
save our earth  
Student I I will practice the knowledge I gain to take care of our environment in a 
correct manner. I will segregate the waste accordingly, I will turn off the 
tap when I brush my teeth and wash my face. I will also switch off the 
light when I am not using it  
Student J I will collect rain water for car wash, and I will switch off the electrical 
appliance when I am not using it  
Student K I feel motivated to do the carbon reduction in atmosphere  
Hopes 
Student L I will be a wise leader and become an environmentalist. We will organize 
a campaign to attract the community to join our campaign. I hope our 
government will support us to do environmental activities more  
Student F I wish to change the mindset of people about waste  
Student M I will be a responsible citizen who will take a good care of our environ-
ment  
 
Referring to the quotations shown in Table 4, most of the students can relate the 
use of electricity to carbon emission. They pledged to reduce the use of electrical 
appliances and turn them off when not in use. The students also were inspired to in-
volve the wider community in the movement to reduce carbon emission. Furthermore, 
the students also show the awareness on water conservation and sharing of transport 
in order to reduce carbon emission and creating LCS.  
5 Conclusion 
This study shows that by using LCS as the theme in formal education using CPBL 
with TEL, it helps the students to gain broader knowledge, awareness, exposure and 
instil strong conviction towards making LCS a reality in the future. CPBL approach 
with TEL definitely opens the doors for school students to have deeper understanding 
of environment issues thus create low carbon awareness among the students. CPBL 
with TEL can be used by teachers to raise LCS awareness among school students 
through formal education, however training for the teachers is needed [22]. This study 
can only be realized with the use of digital platform where the students effectively 
learn to shape the strong self-discipline ability in searching, communicating, planning 
and arranging their learning mechanism. 
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